Stanley Westoll was a vertebrate palaeontologist and anatomist, and a geologist. He is best known for important and innovative work on Palaeozoic fishes and their relationships with tetrapods, but also made substantial contributions in geology, especially on Devonian and Carboniferous stratigraphy in northern Britain.
Late Permian fishes from the Marl Slate of Northumberland and Durham. His thesis, 'The Permian palaeoniscid fauna of Northumberland and Durham', was submitted and the degree awarded after just two years. Only the abstract was published (5), apparently because Stanley felt that the guts of his thesis had been appropriated by Hermann Aldinger, a German who in 1933 went from Tübingen to Stockholm to work for a doctorate under E.A. Stensiö (1891-1984, For.Mem.R.S. 1946) at the Swedish Museum of Natural History. Aldinger's subject was Late Permian palaeoniscoid fishes from East Greenland, of the same age as Stanley's Marl Slate fishes, and in December 1934 Stanley sent Aldinger a copy of his thesis. In the published work (Aldinger 1937 ) Stanley is not mentioned in the acknowledgements, but his thesis is cited extensively in the text (as 'Westoll 1934', described in the bibliography as 'Manuskr.'); Stanley's reconstructions of the skulls of Palaeoniscus In December 1935, Gunnar Säve-Söderbergh (1910-48) came to London from Stockholm, where he was working under Stensiö on the Devonian amphibians (ichthyostegids) that he had collected in East Greenland in 1931. Stanley and Säve-Söderbergh were invited to stay the weekend with Sir Arthur Smith Woodward, F.R.S. , who had retired in 1924 from the Keepership of Geology in the British Museum (Natural History) after a brilliant career on fossil fishes. Lady Smith Woodward met the two at Haywards Heath station and took them to Hill Place, the Woodwards' home. After dinner that night the 'two aspiring youngsters were allowed to sign the famous tablecloth on which Lady Woodward had embroidered in silk the signatures of our precursors in the field' (the tablecloth, with almost 350 signatures, is now mounted in the Department of Palaeontology of the Natural History Museum). In the following week, Stanley took Säve-Söderbergh to Newcastle and showed him the collections in the Hancock Museum.
Travels to Edinburgh, York and Manchester followed, and in the following January Stanley crossed to Paris, to see the collections in the Musée National d'Histoire Naturelle, the École des Mines, and the Sorbonne. There he met Jean Piveteau By October, Stanley had worked out 'the cosmine-resorption story' and found de Beer and Goodrich 'very intrigued' when he told them it in Oxford. This became his paper (4) on the snout of Osteolepis, a remarkably original work, using specimens gathered that summer in the field and in the museums of Aberdeen, Cambridge, Edinburgh, Elgin, Inverness, London and York. His idea was that the shiny cosmine covering the dermal bones in Osteolepis and many other Devonian crossopterygians is periodically resorbed, so permitting growth of the separate underlying bones. The idea had profound effects on systematics, because in many cases specimens with and without cosmine had been assigned to different genera or even families. The paper also includes significant proposals about the homologies of dermal bones, and introduces the term 'anamestic' for bones 'that merely exist as space fillers'; Stanley's word is now widely used. One of his arguments for periodic resorption of cosmine was the existence of specimens showing cosmine with concentric grooves, which he took to be 'the stadia of past resorptions'. His theory was immediately adopted by Forster-Cooper (1937) , and these grooves are now called Westoll-lines (following Bystrow (1942) ).
Beyond its originality, Stanley's Osteolepis paper (4) is an early example of another characteristic of his work, frequent reference to forthcoming publications that will expand or illuminate one point or another. As time went by, these promises were fulfilled less frequently, if only because Stanley had too many irons in the fire.
After cosmine resorption, Stanley turned to the homologies of the cheek bones, particularly the squamosal, in the different groups of fishes. The published paper (7) (Russell 1947) , the first fish to be described from it was named Cephalaspis westolli Russell (1954) , in recognition of Graham-Smith and Stanley's priority. There is no record of Stanley's having attended the Moscow Geological Congress.
The proceeds of Graham-Smith and Westoll's fieldwork at Miguasha were extraordinarily valuable. Among the specimens that they brought home was the holotype of Elpistostege watsoni, a partial skull roof described by Stanley in 1938 (9) as the 'missing link' ('a perfect transition') between fishes and tetrapods. Stanley used Elpistostege to elaborate his theory of homologies between the skull roofing bones of tetrapods and rhipidistians. He argued that the names of the principal roofing bones (frontals, parietals) had 'largely been misapplied in fishes'. Taking the pineal foramen as a marker, he showed that the differences in pattern between rhipidistians and early amphibians could be seen as due to changes in proportions, so that the 'frontal' of fishes is homologous with the tetrapod parietal, the fish 'parietal' is the tetrapod postparietal, and the tetrapod frontal is represented in most rhipidistians by nasals. Stanley was noncommittal about whether his new animal was fish or tetrapod, but others soon treated it as the first tetrapod. Schultze (1996) gives a full account of Elpistostege At the outbreak of war in 1939, Stanley tried to enlist in the army. He passed the medical and was not found out until it came to drawing uniform, when his request for a special boot drew attention to his disability. He joined ARP (Air Raid Precautions) instead. Tom Phemister did join up, leaving Stanley as acting head of department, and from 1942 to 1945 he also had to stand in for the Professor of Metallurgy. Stanley served as geological adviser in construction of the anti-submarine barriers at Scapa Flow (after the battleship Royal Oak was torpedoed there in October 1939), a job that involved precarious flights in military light aircraft between Aberdeen and the Orkneys. In 1943, Stanley wrote to A.S. Romer that he was 'in anti-chemical warfare'. This involved training people in anti-gas precautions. Overexposure to noxious gases in these exercises gave him sinus problems that required intervention in 1945-47 and persisted into old age.
Although the early war years must have been extraordinarily busy, they did not impede Stanley's ambitious scientific programme. He published on coelacanths (10) (a study based on material gathered during his 1937 tour of North America), rhipidistians (11) and on more general problems such as early amphibian phylogeny (14) and the relation between dermal bones and sensory canals (13). In 1939 he collaborated with Rex Parrington, in Cambridge, on the bones of the palate in reptiles and mammals (12), reconciling the conflict between embryology and palaeontology on the homologies of the vomer, parasphenoid and pterygoids. At this time, Stanley kept a note of the dates of submission, proofs and publication of his papers: the speed with which Nature, in war-torn London, processed papers (13, 14, 20) now seems amazing: paper (13) was completed on 16 July 1941 and published on 9 August; paper (14) was completed on 19 May 1942 and published on 13 June.
Stanley's first major synthetic work came out in 1943 (16), on tetrapod origins, in Biological Reviews, and is still frequently cited (he wrote that 'it was cut tremendously after acceptance owing to paper-shortage'). In it he gives a thorough review of the problem of skull-bone homologies, disagreeing extensively with Säve-Söderbergh. While working on that paper, Stanley made the mistake of studying a draft of fig. 3 on the London Underground. Only with difficulty did he avoid arrest for espionage after a fellow-passenger called the police. The drawings are remarkably like plans of engines of war.
Stanley's first monograph followed in 1944 (19), on the Late Carboniferous haplolepid fishes. Most of the specimens on which it is based were from American collections, borrowed by Stanley during his 1937 tour. He used this work as a thesis for an Aberdeen DSc, awarded in July 1941. The work was published (after a long delay) by the American Museum of Natural History, where on receiving the manuscript, W.K. Gregory submitted it to the New York Academy of Sciences as a candidate for the 1942 A. Cressy Morrison Prize (two prizes per year, each of $200, for 'the most acceptable papers in any field of natural science'). Stanley did not win but had to make do with an Honorable Mention and publication of his abstract (15).
In 1943, Stanley had turned his attention to one of the more remarkable events in vertebrate history-the development of the mammalian ear ossicles and the transformation of the fish hyomandibular-which is used to support the jaw-into the stapes, a middle-ear bone used to transmit sound. He was prompted to do this by his own collecting of specimens of Eusthenopteron, the putative tetrapod ancestor from the Upper Devonian of Quebec, which displayed the hyomandibular. He recognized various projections and processes on the hyomandibular that could be homologized with processes on the tetrapod stapes. He also suggested by means of the reconstruction of hypothetical intermediate stages that, despite the very different appearances in frogs, lizards and mammals, the typanum (eardrum) and the typanic recess (middle-ear cavity) were homologous throughout the tetrapods and not derived independently (Gaup 1913) . Stanley argued that variation among living taxa is due to different orientation of the stapes and to the development of 'outpushings' of the original tympanic recess cavity.
In , and Stanley. The topic that Stanley chose for his contribution was lungfish evolution. His published paper (21), the longest in the book, after a full descriptive section, quantified evolutionary changes in about 100 characters of the lungfish skull and postcranial skeleton, plotted ( fig. 11 ) against time as 'rate of loss of characters of the ancestral type'. The resulting curves, one for the skull, one for the body, and one for the total, show very rapid change in the Devonian and Early Carboniferous, followed by much slower change from the Late Carboniferous to Recent. Stanley used this example in a commentary on some of Simpson's conclusions in his pioneering Tempo and mode in evolution (Simpson 1944 ), a book that Stanley did not see until after the Princeton conference. His paper is remarkably original, and is still frequently cited. In Simpson's next book (Simpson 1953 One bizarre episode was involved in Stanley's lungfish paper (22) . In November 1946, a month before Stanley was to leave for Princeton, Dr W.M. Lehmann of the University of Bonn sent to Errol White photographs and X-rays of a lungfish skull that he had discovered in the Hunsrückschiefer, an Early Devonian slate famous for superb preservation of fossils. White, knowing that Stanley was working on lungfishes and that no other Early Devonian lungfish had been reported, immediately sent the material to Stanley. Within a couple of days Stanley made labelled tracings from the photographs, identified the animal as Dipnorhynchus, and wrote White a long letter on his interpretation. When Stanley's Princeton paper appeared in 1949 it included drawings and a description of Lehmann's specimen (as Dipnorhynchus lehmanni), with references to a manuscript cited as 'Lehmann and Westoll, 1949' and acknowledgement of Lehmann's 'great generosity in permitting the writer to use excellent photographs of the fossil'. 'Lehmann and Westoll' appeared in 1952 (23) , with only the section on 'Discovery and provenance' credited to Lehmann, quoted from a 1947 letter from him to Stanley. Remarkably, Stanley had never seen the specimen, only the photos and X-rays sent to him by White, and plaster casts that Stanley had obtained from Krantz, the dealer in Bonn. Even more remarkably, four years later, Lehmann (1956) published his own description of the fossil. In an introduction that hardly conceals his irritation, he ran through the events described above, save the last. Lehmann was unaware of the 1952 Royal Society publication of which he is first author.
In April 1948 Stanley travelled to Paris to take part in a colloquium with much the same aim as the Princeton conference: to bring together a select group of geneticists and palaeontologists to discuss the evolutionary process. In 1958, after a long and painful gestation, a Festschrift for D.M.S. Watson was published under Stanley's editorship (some of the included papers were 'in press' for four years, and Stanley mislaid the typescript of at least one) (24). Stanley's own contribution was an embellishment of a nineteenth-century idea, most elegantly stated by Goodrich (1906) , that the pectoral and pelvic fins of jawed vertebrates were modifications of an original paired and muscled fin fold that ran continuously down each side of the trunk. Through his observations on Silurian and Devonian cephalaspid, anaspid, acanthodian and placoderm fishes, he suggested that, although the basic idea was correct, the pectoral fins were so differently developed within each of these groups that they must have arisen independently from a rudimentary paired ancestral fin fold, neither supported by endoskeleton nor equipped with muscle. His style of argument is typical of much of his work in following sequences of development of pectoral fins within each of these groups of fishes upwards through the geological succession to show that the early forms had poorly developed fins, whereas the later ones bore increasingly specialized fins.
As part of the worldwide celebration of the centenary of Darwin's On the origin of species, in 1959 Stanley was invited to Melbourne to take part in a symposium. He chose to make this a round-the-world trip (he boasted that it took 79 days, one less than that of Phileas Fogg and Passepartout). He went to Australia via Harvard, San Francisco, Hawaii, Fiji and New Zealand, and returned via Indonesia. In San Francisco, Sam Welles, vertebrate palaeontologist at Berkeley, took Stanley to meet one of his heroes, C.S. Forester, who inscribed a Hornblower novel for him. In Hawaii he was lucky enough to see an eruption of Kilawea.
A 
In August 1966 the Royal Society became aware of plans by the Ministry of Defence (MoD) and the BBC to 'develop' Aldabra, the atoll north of Madagascar, then part of British Indian Ocean Territory. Anxious to avoid the destruction of a unique habitat that would inevitably follow establishment of the proposed staging-post, Council appointed Dr D.R. Stoddart, of the Department of Geography at Cambridge, to accompany an MoD/BBC expedition to Aldabra in September 1966. After Stoddart's report, the Society mounted a scientific expedition to Aldabra from August 1967, and in December 1967 set up the Aldabra Research Committee 'to co-ordinate and extend the existing proposals for research work and conservation there'. Stanley was appointed Chairman of that committee, a job that was to last ten years and give him a good deal of work. One of his reasons for accepting was the fact that Aldabra is the nearest neighbour of the Comores, home of Latimeria, and he hoped (wrongly) that Britain might acquire its own source of coelacanths. During the next ten years Stanley did not miss a single meeting of the committee or its offspring, the numerous sub-committees and working groups to which he was appointed.
The During its existence, the Royal Society Research Station housed over 100 staff and visiting scientists (listed in Stoddart (1978) ), and Aldabra became 'among the best known oceanic islands and coral atolls on Earth' (Stoddart 1978) . The station still exists, having been rebuilt in 1997-78 with a grant from the World Bank. David Stoddart (letter, February 1998) reports that the Aldabra bibliography now contains over 1200 items.
U  N  T (II)
The ten years that Stanley gave to Aldabra were also among the busiest of his tenure at Newcastle. With the general expansion of British universities (mainly in the 1960s), the academic staff of Stanley's department had grown from the three whom he found in 1948 to twelve (including two professors) in the mid-1960s and to sixteen (with three professors) at his retirement in 1977. Much of his time during this period was inevitably taken up by administrative duties, and the palaeontological and anatomical studies on which he had made his name were carried forward by his students during this time (25, (27) (28) (29) 33) . However, he found opportunities to contribute to a number of compendia of Upper Palaeozoic stratigraphy, of which his contribution to the Correlation Chart of Devonian rocks of the British Isles (31) summarized some of his previous work. Stanley had made periodic, short, published contributions to stratigraphy since 1939, and in his later years he published more extensively on Devonian and Carboniferous stratigraphy and sedimentology. Discussions on the boundary between the Silurian and Devonian Systems were influenced by the views of Jack Shirley in the Newcastle department, and favoured a horizon that was not, ultimately, selected. However, the debate that preceded the fixing of the boundary at a rock section in the Czech Republic remains a type example of modern stratigraphic procedure. Stanley made a deliberate effort to make Newcastle a centre of Carboniferous (and coal) studies, appropriate to its location, notably by the appointment of Duncan Murchison, with whom he edited a volume on coal-bearing strata published in 1968. Murchison it was who wrote the first obituaries after Stanley's death in 1995.
P
Stanley Westoll was a clubbable and gregarious man. He was a born raconteur, with a seemingly bottomless fund of anecdotes and stories. He was musical, although he played no instrument. In London in 1935 he joined the English Madrigal Choir, and complained in his journal of the conductor 'using tonic sol-fa for teaching modal music'. That journal also includes knowledgeable comment and criticism on concerts he attended. In the 1960s and 1970s the 'top half' of the Aeolian Quartet were regular house guests of the Westolls when they came annually to Newcastle for a week of chamber music performances. He championed the independence of palaeontology from the geological sciences. When the Paleontological Association was founded in 1957-as a breakaway from the Geological Society of LondonStanley Westoll was the first member of the new group, a fact of which he remained proud.
I
Stanley was an excellent and willing teacher and lecturer. He usually spoke without notes, apparently extempore, with fluent authority. Throughout his time at Newcastle he taught all the first-year introductory geology except crystallography. Murchison (1996) wrote 'His phenomenal memory enabled him to cover wide blackboards with world stratigraphic sequences in immaculate handwriting to the intense frustration of students who had no sheets of paper sufficiently wide or long… nor had they the speed of writing to reproduce the sequences before they were removed and the next set begun'. Roger Miles, a PhD student with Stanley in the early 1960s, attended Stanley's third-year lectures on vertebrate palaeontology and recalls his astonishment when each Friday afternoon Stanley talked without notes for two hours, covering the board with accurate drawings, from memory, of specimens of Cephalaspis, or a series of fish skulls, and so on.
Stanley took on over twenty doctoral students, the majority of them working on stratigraphic problems in northern Britain. He felt a special responsibility for his students in . Several of these worked mainly on specimens in Stanley's collection, and he felt entitled to put his name on the resulting publications.
The lasting influence of Stanley's research comes mainly from his early work, in the 1930s and 1940s, on cosmine (4), skull-roofing bone homologies (9), tetrapod origins (16-18), and lungfish evolution (21). All this is still commonly cited, as it deserves to be, for it was brilliant, original, and communicated in lucid, economical prose. Once Stanley had his chair and had been elected F.R.S. (both before the age of forty), his subsequent work was not, perhaps, as prolific or original, and his influence was mostly through the direction of the Department of Geology at the University of Newcastle upon Tyne. For forty years, Stanley Westoll was one of the well-known figures in vertebrate palaeontology, and his memory survives in the work of several of the leading specialists who received their training at this hands.
A
Colin Patterson died before this memoir was entirely complete [a memoir of Colin Patterson is included in this volume]. In his notes he gratefully acknowledged the receipt of information from W. Graham-Smith, J.G.
